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Surface diffusion

§Diffusion is thermally activated random movement of adsorbed atoms
§D = D0 e-Eact/kT

§Eact large -> slow diffusion
§T high – fast diffusion

http://iramis.cea.fr/spcsi/Phocea/Vie_des_labos/Ast/astimg.php?voir=60&type=groupe

Surface diffusion 
of Cu on Cu(111)

Eact



Coalescence - ripening

18.1.2023
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M. Ohring, Materials Science of thin films, 2002
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Thin Film growth mechanisms
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PVD film growth conditions

§ Thermal atoms land on surface and grow the film

§ Energetic ions 
- penetrate some subatomic layers
- Enhance surface mobility
- Cause desorption of weakly bond impurity atoms 

§

Sivu 6
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PVD methods
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Tyhjiöhöyrystys

Electron beam evaporation
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Evaporation

9

Thomas M. Christensen
UCCS 2000
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electron beam evaporator
view of sample with beam shutter
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Evaporation temperature for p = 10-2 torr =1.33 10-2 mbar

[Mahan, p149]
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Vaporization

§ Evaporation or sublimation of atoms from surface due to thermal 
energy

§ If the surface of source is in equilibrium with the vapor, the rate of 
molecules flowing from the source is:

12
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Vapor pressure
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Vapor pressure
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Vapor pressure from tabulations



Jari Koskinen, Aalto University 2021 A!
Aalto-yliopisto
Teknillinen korkeakoulu

16

Vapor pressure of alloys
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Vapor pressure of alloys
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Thomas M. Christensen
UCCS 2000
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Extraction of materials from solid

§ Evaporation

§ Sputtering

§ Arc (evaporation)

§ Laser heating

19

Thermal

Kinetic
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DC Plasma glow discharge and arc

Glow discharge
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PVD methods

Ion beam sputtering.       
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Ion beam sputtering

Kaufman
http://www.youtube.c
om/watch?v=Ibcr-
B258J8&NR=1

Dual beam sputtering

http://www.youtube.com/watch?v=Ibcr-B258J8&NR=1
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Ion plating
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Sputtering
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Magnetron-sputtering

Lähde: Angstrom Sciences, Inc.

Magnetized electrons 

https://www.youtube.com/watch?v=Hf2kkqZhL7U
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Magnetron-laitteisto

Unbalanced magnetron sputtering
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Magnetron-laitteisto

Closed field magnetron sputtering
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PVD-pinnoitin
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Magnetron Sputtering video

Sivu 30
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Surface coating methods – more details
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PULSED SPUTTERING
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“Pulsed 
Plasma
Diffusion”

High power pulsed Magnetron Sputtering

http://www.moreinspiration.com/Innovation.aspx?id=4163
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DC-MS and HIPIMS Deposition
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HIPIMS Summary
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HIPIMS denser films

Nature. Scientific RepoRtS | 
(2019) 9:15898 | https://doi.org/10.1038/s41598-019-52226-1 
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HPPMS denser films

Ti sputtered by DC magnetron and HPPMS.
Note the difference in film density and smooth 
top surface of HPPMS film
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DC Plasma glow discharge and arc

Arc discharge

https://www.oerlikon.com/balzers
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Arc discharge deposition 

Arc discharge video

http://video.google.com/videoplay?docid=2370453135611399162&ei=zpoKS-nWGqLa2gL1tezUBg&q=glow+plasma+video&hl=fi
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Cathodic arc spot evolution

Sivu 46

Koskinen, J. Cathodic-Arc and Thermal-Evaporation Deposition. In Comprehensive Materials Processing;Cameron, D., Ed.; Vol. 4; Elsevier Ltd., 2014, 
2014; pp 3–55. ISBN: 9780080965321
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Electron wind causes ionization and acceleration of atoms

Sivu 47

Ionization of atoms

Acceleration of ions

+

+

Koskinen, J. Cathodic-Arc and Thermal-Evaporation Deposition. In Comprehensive Materials Processing;Cameron, D., Ed.; Vol. 4; Elsevier Ltd., 2014, 
2014; pp 3–55. ISBN: 9780080965321
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Arc spot evolution
by numeric simulation

Sivu 48
Koskinen, J. Cathodic-Arc and Thermal-Evaporation Deposition. In Comprehensive Materials Processing;Cameron, D., Ed.; Vol. 4; Elsevier Ltd., 2014, 
2014; pp 3–55. ISBN: 9780080965321

Left: 
energetic 
plasma ion 
flux

Right: local  
thermal 
heating 
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Arc cathodic spot evolution

Sivu 49

Arc spot traces of a pulsed arc on a Cu cathode. Photo courtesy 
and with permission of Dr Peter Siemroth.

Koskinen, J. Cathodic-Arc and Thermal-Evaporation Deposition. In Comprehensive Materials Processing;Cameron, D., Ed.; Vol. 4; Elsevier Ltd., 2014, 
2014; pp 3–55. ISBN: 9780080965321
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Filtering of particles from vacuum arc plasma

§plasma follows magnetic field lines

§plasma bent around corner

§particles go straight

50

Andre Anders LBL
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Three types of bonding of carbon atoms

§ sp3

- Four string σ bonds in tetraedric directions

§ sp2 

- Two σ bonds in plane
- One weekπ bond ( non localised electron- conductivity)

§ sp1 

- Two σ linear  bonds
- Two week π bonds  (non localised electrons- conductivity)
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Carbon

§Carbon has 3 hybridised
bondings sp3, sp2, sp1

§ sp3 bondings form four
equal carbon-carbon
bonds producing
tetrahedral structure of 
diamond

§Graphite has three sp2 

hybrid orbitals in plane
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Diamond-like carbon (DLC)

• Various forms of C-H 
alloys presented in a 
ternary phase diagram

• DLC is a metastable
form of amorphous
carbon

• DLC films have a mixed
sp3/ sp2 structure with
different sp3 and sp2 

proportions depending
on deposition technique
and parameters



Jari Koskinen, Aalto University 2021 A!
Aalto-yliopisto
Teknillinen korkeakoulu

54



Jari Koskinen, Aalto University 2021 A!
Aalto-yliopisto
Teknillinen korkeakoulu

Sivu 55

Subplantation
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Subplantation

Schematic diagram of densification by 
subplantation. A fraction of the incident ions 
penetrate the film and densify it, the remainder end 
up on the surface to give thickness growth.
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Subplantation -> Ion peening

Miguel A. Caro, Volker L. Deringer, 
Jari Koskinen, Tomi Laurila, Gábor Csányi,
PHYSICAL REVIEW LETTERS 120, 166101 (2018) 
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Properties of ta-C
as function of Ei

Sivu 58
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Dr. Miguel Caro simulations

Ta-C film growth molecular dynamic simulation, 
Miguel Caro https://zenodo.org/record/1133425

https://zenodo.org/record/1133425
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Pulsed laser deposition PLD

• high ionization 
• evaporation of any material also in 
reactive gas
• stoichimetry of target to the 
surbstrate
• good control of depostion rate
• expensive lasers
• slow depostion rate
• not yet in industrial level

http://www.youtube.com/watch_popup?v=g9RM4QhBnL0&vq=medium#t=19

http://www.youtube.com/watch_popup?v=g9RM4QhBnL0&vq=medium
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Laser ablation
61
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Plasma plume

§Copper target

62
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Laser plasma plume

§Carbon plasma from graphite target

63
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Particularly suitable for alloyed materials
64

Organic Spintronics
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Ei as a function of laser pulse energy

Sivu 65
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TiAlN-multilayer

Multilayer coatings
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§ Different PVD methods
§ Commercial PVD coatings 
§ Scale up
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Commercial PVD

§ Oerlikon Balzers. CLUSTERLINE® 300 thin films for 300 mm wafers

Sivu 68

https://www.oerlikon.com/balzers/fi/en/portfolio/surface-technologies/pvd-processes/
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Hauzer

Sivu 69

Hauzer Triboliner inline coating system
https://www.hauzertechnocoating.com/en/products/inline-
coating-systems/triboliner/

• Horizontal inline system
• Cathodes are mounted above the 

transport line
• Magnetron sputtering
• Dual magnetron sputtering
• HiPIMS.
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Large volumes, up scaling
Heat reflecting, self cleaning, photo voltaic

/www. www.vonardenne.biz/
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New emerging PVD methods

• vacuum polymer deposition (VPD)
• high-power pulsed magnetron 
sputtering (HPPMS or HIPIMS)
• filtered cathodic arc deposition
• glancing angle deposition (GLAD).


